Investigations into the neural basis of memory in human and non-human primates have focused on the hippocampus and associated medial temporal lobe (MTL) structures. However, how memory signals from the hippocampus affect motor actions is unknown. We propose that approaching this question through eye movement, especially by assessing the changes in looking behavior that occur with experience, is a promising method for exposing neural computations within the hippocampus. Here, we review how looking behavior is guided by memory in several ways, some of which have been shown to depend on the hippocampus, and how hippocampal neural signals are modulated by eye movements. Taken together, these findings highlight the need for future research on how MTL structures interact with the oculomotor system. Probing how the hippocampus reflects and impacts motor output during looking behavior renders a practical path to advance our understanding of the hippocampal memory system.
Introduction
For decades, looking behavior has been used to assess memory (Hannula et al., 2010) , and recent efforts have identified subtle changes in viewing behavior that indicate memory. However, we currently know very little about the relationship between medial temporal lobe (MTL) structures that are necessary for memory and the oculomotor system that controls eye movements. In an attempt to motivate future research that investigates the neural mechanisms by which memory interacts with eye movement, here we review studies demonstrating the influence of memory on looking behavior, describe related neural signals in MTL structures, and discuss potential points of interaction between the MTL and oculomotor systems.
The study of biological systems in more natural settings, where experimental stimuli are less artificial and required behavior is less controlled, has been growing. This approach has been explicitly called for in certain fields, such as vision, for the purpose of better exposing nervous system operations (Churchland, Ramachandran, & Sejnowski, 1994; Findlay & Gilchrist, 2003; Geisler & Ringach, 2009) . Because vision naturally relies heavily upon eye movement, the case was made to study vision in the context of looking behavior instead of using the more common technique of requiring subjects to fixate for long periods of time while visual stimuli are presented peripherally (Findlay & Gilchrist, 2003) . A similar argument for greater laboratory focus on natural behavior has also been made for the study of eye movements themselves (Tatler, Hayhoe, Land, & Ballard, 2011) , where this approach has yielded impressive insight into what constitutes normal behavior. We wish to extend this idea by advocating for a more natural approach to the study of memory. As we describe below, behavioral paradigms that allow both humans and non-human primates to freely view images have uncovered a range of effects that experience has on eye movement. Importantly, these modifications in viewing behavior with experience have often been shown to depend upon the integrity of MTL structures, and eye movements have been shown to modulate MTL neural activity. We will review these findings and explore how future research of hippocampal function can benefit through discovery of how the MTL reflects and affects eye movement.
